Using data from a survey of 1097 small and medium-sized non-listed Dutch firms we investigate the relation between growth of the firm and uncertainty. We focus on the impact of sales uncertainty on various types of investment. We find that sales uncertainty, measured by the conditional variance, has a mixed impact on various investment decisions. We include an analysis of the relevance of financial structure and firm size on the growth-uncertainty relation.
Introduction
How does uncertainty affect growth of the firm? The interest for the impact of uncertainty is raised by recent advances in the literature on the investmentuncertainty relation (see Dixit and Pindyck, 1994) . Uncertainty can lead to an increase of investment activity if managers are risk neutral and firms operate in perfect competitive markets. On the other hand with risk aversion and market power it is likely that uncertainty hampers growth. The sign of the investmentuncertainty relation has attracted both theoretical and empirical attention in the last decades. Whereas the sign is ambiguous from a theoretical point of view, most empirical studies provide support for a negative effect of uncertainty on investment (see for instance Aizenman and Marion, 1993 , Bell and Campa, 1997 , Caballero and Pindyck, 1996 , Ferderer, 1993a , Ferderer 1993b , Leahy and Whited, 1996 , Pattillo, 1998 , Pindyck, 1986 , Pindyck and Solimano, 1993 , and Price, 1996 .
Most studies use historical data to proxy future uncertainty. However, it is likely that an ex post measure of uncertainty does not reflect entrepreneurs' subjective perception of risk. To come around this problem, Guiso and Parigi (1999) proposed to proxy the firms' risk perception using results of an interview study.
Managers of firms are asked for their subjective ideas on the variability of future demand for their products. Pattillo (1998) uses a similar strategy in her study on the investment-uncertainty relationship for Ghana. In this paper we follow a similar approach for Dutch firms. More specifically, we interviewed Dutch firms about their investment plans, their expectations regarding future sales, the financial position, etc. in order to investigate whether uncertainty has a positive or negative effect on firm growth in general and investment in particular. We approximate growth of the firm by various types of investment. Moreover, we have information on the financial positions of the firms (measured by variables like solvability, current Return on Assets (ROA), and demand for external financing). This implies that we can test the hypothesis that financial imperfections have an impact on the investment-uncertainty relationship.
We start in Section 2 with a short survey of the literature on investment and uncertainty. Section 3 explains the interview study, including the measurement of indicators of uncertainty. The survey contains 1097 records of firms on the plant level. We include firms of various sizes. The majority of the firms have less than 100 employees, which indicates that we address a small firm's growth decision.
The survey was carried out in 1999. Section 4 presents the main estimation results. Section 5 analyses the special cases of the impact of financial structure and firm size. Section 6 summarizes and concludes.
The impact of uncertainty
The investment decision is mostly taken under genuine uncertainty. Some economists believe that the investor is tortured by fundamental uncertainty (Knight, 1921) , which implies that the investor is not able even to give a subjective probability function of all possible outcomes. This might easily lead to the well-known Keynesian animal spirits in investment. For modelling purposes the Knightian uncertainty is killing though, so we abstract from fundamental uncertainty. Here we do assume that the investor is able to formulate a density function of all outcomes, which implies that the investor can analyse future prospects of the investment project.
The literature is ambiguous about the sign of the investment-uncertainty relationship. The following characteristics influence the sign:
1 The degree of product market competition. If an entrepreneur faces perfect competition there is a greater likelihood that uncertainty will affect investment positively (Abel, 1983, and Hartman, 1972) .
2 The degree of returns to scale. Caballero (1991) argues that the positive correlation between investment and uncertainty based on the Hartman-Abel prediction is traceable to the assumptions of perfect competition and constant returns to scale. However, with increasing returns to scale the entrepreneur will dislike uncertainty more, since there are decreasing marginal costs.
3 The degree of risk aversion. Risk loving entrepreneurs will react positively on more uncertainty, whereas risk-averse entrepreneurs react negatively to more uncertainty (Nickell 1978) .
4 Irreversibility of investment. An investor who faces high costs of reverting investment will probably not invest and wait until more information is revealed to the market (Dixit and Pindyck, 1994) .
5 The possibilities to obtain external credit. The probability of a negative investment-uncertainty relationship increases the more a firm is financially constrained (Ghosal and Loungani, 1997) . A risk-averse creditor (see also the third argument) will be more reluctant to supply credit in times of large uncertainty.
The modern theory of investment under uncertainty emphasises costly reversibility of investment. The irreversibility property of investment is relevant to explaining investment behaviour only when investment decisions are made under uncertainty. Within the framework of irreversibility investment opportunities are seen as call options on real assets. The firm has the right but not the obligation to buy the sequence of cash flows that are generated by the investment project in the future by paying a certain amount of investment costs.
The key assumptions of the real option approach to investment behaviour are the existence of irreversibility and the possibility to delay investment. If investment decisions are irreversible, investment will be more sensitive to uncertainty facing the firm. Since the firm that has more irreversible capital has a higher opportunity cost of capital (including the option value of investing right now), the firm will require a higher marginal revenue product of capital to match the trigger of investment. Therefore waiting is highly demanded to obtain new information.
Consequently, uncertainty directly affects the threshold that triggers the occurrence of investment through which it affects the timing decision of investment and hence the scale of investment at a specific point in time (Bernanke, 1983 , McDonald and Siegel, 1986 , Pindyck, 1991 , Dixit and Pindyck, 1994 . It should be noted here that although uncertainty probably increases the threshold to trigger investment, a firm might invest more than it would do in a certain environment once the trigger is reached. If there are mainly fixed costs to adding capacity it might be worthwhile to over-invest in capacity holding valuable operating options. So uncertainty affects both the trigger and (once the trigger has been pulled) it might have an impact on the size of the investment.
Moreover, as Sarkar (2000) shows, an increase in uncertainty also increases the probability to hit the trigger. So it is worthwhile to investigate the decision to invest (or not) and the decision how much to invest. the survey includes only a relative small number, 5%, of very small firms (less than 5 employees). Table 1 presents descriptive statistics on the key variables of our analysis. We include investment data, financial structure indicators, and information concerning profitability (in terms of return on assets) and problems in attracting external finance. We note that there is a significant negative correlation between solvability and external financing (partial correlation coefficient is -0.25, which is significant for this sample size at the 95% confidence interval).
Next we turn to measuring uncertainty. In line with Guiso and Parigi (1999) and
Pattillo (1998) we have asked entrepreneurs about their expected sales in 2002
vis-à-vis sales in 1998. For each expected change in sales presented in Table 2 entrepreneurs are requested to provide the likelihood of the change on a scale of 0-100. Hence, firms give a density forecast of expected sales. The answers to this question are used to proxy the conditional mean and variance of the growth rate of sales 3 years ahead. In order to do that, we assume that the central values of the open intervals more than 20% and less than 20% are 50 and 30 percent, respectively. The distribution is assumed to be uniform within the intervals.
The conditional mean (CMEAN) and the conditional variance (CVAR) are measured by:
S 0 are sales (in guilders) in the base year (1998), and d e and var e are the expected mean and variance of the growth rate of sales computed from the answers given in Table 2 .
The coefficient of variation of expected sales (COEFV) is a proxy for uncertainty.
It is defined as the standard deviation divided by the mean of the distribution:
COEFV=√ CVAR/CMEAN. It is good to note that relative sales growth (defined by CMEAN minus the actual 1998 sales over the 1998 sales) is positively correlated (0.26) with the measure of the mean of uncertainty COEFV. It is quite commonly assumed that an increase in uncertainty implies a mean-preserving spread in uncertainty (which is not completely true in our sample, given the previous statement). Table 3 gives a frequency distribution of COEFV for all firms that have completed the questionnaire. Note that 167 firms reported no uncertainty: we will treat these cases with special care hereafter. In the remainder of this paper we will use the COEFV as well as the ratio of the conditional variance and the conditional mean CVAR/CMEAN. We label this ratio COEFV2. Table 3 gives the descriptive statistics for the uncertainty variables. As can be seen by comparing the mean and the median, the distribution of all uncertainty variables is skewed. In the next section we relate the investment decisions of the firms with the uncertainty measures.
Model Specification and Estimation Results
In this section we present models that relate investment of the firm to measures of uncertainty. We include two types of models. First we estimate investment choice models: what is the probability that the firm invests at all? Secondly, we present models that explain the level of investment, if the firm invests. These two approaches can lead to conflicting results. It might be so that firms are stimulated to invest, but at a lower level, if uncertainty is prominent. So including both models enhances our understanding of growth decisions.
The literature offers a wide range of investment models. The majority of these models cannot be used though, because our survey does not include balance sheet information. This excludes for instance the use of Tobin's Q. Moreover we have no information on the dynamics of investment (no information on adjustment costs), which seriously limits our class of applicable models. We therefore estimate a simple reduced-form accelerator type of investment model including an uncertainty term. The expected growth rate of sales represents future profitability of the firm. The probit-model is specified as follows:
where INVi is the ratio between a certain measure i of investment. We include four definitions of investment:
1) INV1 refers to the total value of investment;
2) INV2 refers to investment in dwellings;
3) INV3 refers to investment in fixed assets; 4) INV4 refers to the largest investment project of the firm.
Prob(INVi=1) represents the probability of positive investment of type i. DSAL is the change in sales (measures as the conditional mean of sales, CMEAN, minus the 1998 value of sales SAL). UNC is the uncertainty proxy.
In Table 4 we present the estimation results for model (3). We include two panels: Panel A for the COEFV and Panel B for the COEFV2-measure of uncertainty. Moreover we include two sets of results in each panel. In the upper lines we exclude the cases for which the firm reports no uncertainty (see Table 3: 167 firms report no uncertainty), in the lower lines we include the zerouncertainty cases. Panel A demonstrates a slight positive impact of COEFV on the decision to invest in a large project (INV4) in the model where we exclude the zero-uncertainty case. If we include the zero-uncertainty observations we find a significant positive impact of uncertainty in general. This implies that the firms that report no uncertainty are less eager to invest. Panel B only shows a significant positive sign for the investment in dwellings (the other results being insignificant). So our main conclusion from the probit regressions is that if there is an impact of uncertainty on the decision to invest or not it is a positive one (experimenting with a logit specification gave similar results). In general, as
Sarkar (2000) shows, an increase in uncertainty increases the probability of hitting the threshold (which itself depends on uncertainty), which would stimulate investment to a certain extent. To summarise, the results of the probit-estimation in general seem to provide some support a positive sign of the decision to investuncertainty relationship.
Next we turn to the size of the investment project undertaken. For positive investment decisions we model:
where i=1,..,4 and INV1 = total value of investment; INV2 = total investment in dwellings; INV3 = investment in machinery; INV4 = largest investment project; DSAL = CMEAN-sales in 1998 (SAL), and UNC is the uncertainty measure.
Model (2) is the continuous version of the discrete choice model (1). Table 5 presents the results for the size of investment of firms that do invest. We exclude extreme observations by assuming that INVi/SALES<0.5, for i=1,…,4. We again present the results for the models including positive observations for the uncertainty proxy only (excluding the 167 observations with COEFV=0 from Table 3 ) in the upper half of Panels A and B, and results for models that include the zero-uncertainty cases in the lower part of both panels. We again include the indicators of sales uncertainty: the coefficient of variation (COEFV) and the conditional variance over the conditional mean (COEFV2). All variables are scaled by sales to avoid heteroskedasticity (moreover we use the White-corrected standard errors).
What can be concluded from Table 4 illustrates a weak positive impact of uncertainty on the reaching the hurdle, while Table 5 shows the negative impact of uncertainty on the size of investment projects. This would imply that the Sarkar-model (see Sarkar, 2000) works in explaining the hurdle-effect of uncertainty, while the more traditional explanations of the impact of uncertainty apply to the size of investment.
The impact of financial structure and size of the firm
In the previous section we analysed the impact of sales uncertainty on the investment decisions of the firms. The main conclusions are that more uncertainty triggers investment more, but investing firms invest less (excluding investment in dwellings). In this section we analyse the role of both the financial structure and the size of the firm. It might be that firms in financial problems behave differently from healthy firms. It might also be true that small firms behave differently than bigger firms. We first discuss the financial structure, next we analyse the size effects.
Financial structure
It is widely known that financial imperfections let investment decisions be conditional on financial structure. The most famous examples of the relevance of financial structure are the role of the debt-equity ratio in explaining either underor over-investment, and the alleged impact of the wedge between the price of external and internal capital on investment (leading to under-investment).
Concerning the former it might be so that firms with a large proportion of debt relative to equity are either restrained in their investment through high interest obligations (under-investment) or behave strategically and over-invest (given the limited liability of debt) at the expense of debt holders. Concerning the wedge between the price of external and internal capital, it is generally believed that a higher wedge will force the firm to rely more on internal cash flow. A lack of cash flow will therefore limit investment. It is not clear ex ante how these financial conditions will influence the investment-uncertainty relationship though. But it is likely that the role of the financial structure is not neutral.
Compare e.g. a firm with a high debt-to-assets ratio and a firm with a normal leverage. Both firms face uncertainty and suppliers of financial capital are risk averse (think of a bank that provides a new loan). Leverage indicates most likely financial distress for the firm with a large proportion of debt. An increase in uncertainty faced by the firm might lead to credit rationing by the bank, leading to lower investment. If the financier is risk neutral and the firm manager is risk neutral though an increase of uncertainty might lead to additional investment and risk taking (given limited liability).
We have two general indicators of financial structure available: solvability and satisfaction concerning current return on assets (see the results in Table 1 ).
Moreover for the largest investment project we know the percentage of external finance and the trouble in getting finance for about 30 percent of the firms. We therefore proceed with estimating probit equations for the largest investment project of the firm using COEFV2 (given de previous results) and financial indicators and test for the neutrality of the investment-uncertainty relation to financial structure. Table 6 gives the results for tests of two types of neutrality:
• With respect to solvability: is low/high solvability leading to more sensitivity of investment for uncertainty (Panel A)?
• Satisfaction with current return on assets. Is low profitability (and hence low cash flow) affecting the investment-uncertainty relationship (Panel B)?
Given the ambiguous results from the theory of finance as sketched above it is
hard to give precise one-sided hypothesis concerning the impact of financial structure variables. We therefore concentrate on the Modigliani-Miller neutrality hypothesis: financial structure does not matter. We estimate two cases (so two subgroups of firms) in all models: the "good" and the "bad" case.
For solvability we use a cut-off rate for solvability of 30 per cent on the lower bound and 40 per cent on the upper bound (median value is 35 per cent). Table 6 Panel A presents the estimation results. We see that investment demand is reduced through uncertainty for low solvability firms. For high solvability firms we observe that uncertainty has a positive effect. This would confirm the idea of under-investment (possibly caused by risk aversion of management and financiers). Apparently firms with a low leverage are able to take the risk of expansion a little more. In Panel B we use the data as presented in Table 1 concerning the impression of the managers concerning current return on assets.
The managers gave discrete answers: current profitability is either: (1) too low, (2) reasonable, or (3) good. We lump (1) and (2) into the low profitability case.
Firms with high current return on assets are more likely not to invest if uncertainty increases. Firms with low profitability invest more with a higher sales uncertainty. This might point at the degree of market competition the firm faces:
in competitive markets, profits will be lower and investment will increase with a higher uncertainty.
Size
Finally we turn to the role of size of the firm. Do smaller firms respond differently to uncertainty as compared to larger firms? If we again review our five elements of the investment-uncertainty sign explanation in Section 2 and relate these to the question of the relevance of size we can think of the following arguments. First, smaller firms are believed to operate in competitive markets, while bigger firms might exert more market power. This would imply that smaller firms are more likely to show a positive investment-uncertainty correlation.
Secondly, it is likely that bigger firms invest in larger projects, which are likely to be more specialised and possibly hard to resell. So irreversibility might affect bigger firms more than smaller firms. This implies that big firms are more likely to show a negative investment-uncertainty relationship. On the other hand, in smaller firms the probability that the owner of the firm is also the manager increases. If we assume that in these cases managerial decisions are more based on risk aversion (the manager-owner is afraid to lose his firm and job) this would imply that smaller firms would reveal a negative investment-uncertainty sign.
Finally, it might be that small firms face more financial constraints (the impact of this argument on the sign of the investment-uncertainty relationship is not clear as argued in the previous subsection). Of the 271 firms that responded to the question concerning financial problems 171 firms are small firms (so 100 big firms). Small firms reported in 30 per cent of the cases financial problems, while big firms only reported in 24 per cent of the cases problems in attracting external capital. Table 7 gives the results of the probit-regressions for large and small firms. We split firms into classes based on the number of employees (less than 50 or greater or equal to 50). Table 7 shows that the probability to invest decreases for small firms if sales uncertainty increases. This points at the risk aversion argument of the owner/manager of the small firm. For larger firms we find that investment is stimulated by an increase in sales uncertainty. This result is in line with the general notion that managers of bigger firms demonstrate more risk neutral behaviour. Our results do not support the idea that small firms have to operate in competitive markets or bigger firms have more irreversible investment projects (and that this element dominates the risk aversion argument).
Conclusions.
In this paper we analyse the relation between growth of the firm and uncertainty.
A special feature of the study is that it uses data from a survey amongst a panel of 1097 small and medium sized Dutch firms. This allows us to measure uncertainty ex ante. We approximate growth of the firm by various forms of investment. We find a couple of results. First, we find some evidence that an increase in sales uncertainty triggers the investment decision in a positive manner. Secondly, we conclude that uncertainty measured by the conditional variance over the conditional mean of expected sales has a significant negative impact on the level of investment decisions made by firm managers. The main exception here is investment in dwellings, for which we find a positive impact of uncertainty on the size of investment.
Finally, we conclude that low solvability and a high current return on assets make it more likely that the firm will respond negatively in its investment decision to an increase in sales uncertainty. Smaller firms also have a lower probability to invest if uncertainty increases. For future research it is useful to get more insight into investment dynamics. This requires that we use the same survey for the analysis of future decisions of the firms. Moreover we are then able to track the forecasting ability of the managers and see whether managers show learning behaviour. Increase of 15%-20%
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Here we use the answers as presented in Table 2 concerning current satisfaction with respect to profitability. 
